ABSTRACT
INTRODUCTION
The testing of electrical equipment for distribution networks is carefully defined within the many standards and controlled in testing laboratories (type-testing) and manufacturing lines (routine testing) so as to guarantee the correct functioning of this equipment once installed in the field.
The testing of the equipment in simulated environments, such as Hardware in the Loop (HIL) and Power Hardware in the Loop (PHIL) is also growing in importance for network operators. This has its advantages in terms of number of situations in which the hardware can be tested in a short space of time and the fact that testing in real environments is very difficult to perform, principally due to availability and controllability.
So as to provide more reliable and resilient solutions to its clients, Ormazabal has constructed its own medium voltage distribution network to 'fill-in' the gap between traditional laboratory testing and field trials/installation. The UDEX (Demonstration and Experimentation Network) [1] [2] is a highly configurable MV network able to reproduce both normal and anomalous working conditions of typical distribution grids. Indeed, Ormazabal is not alone in this line of thinking and several other ´laboratories´ exist, for example, Power Networks Demonstration Centre in Scotland, EDF's Concept Grid in France, SPIRAE in the USA, etc., which aim to emulate real network conditions for smart grid testing. However, the UDEX test environment connected to Ormazabal's High Power Laboratory (HPL) [3] makes it unique in that short circuit testing can be carried out.
The increasing demands on the distribution network from various sources implies an increase in resiliency and reliability requirements of the infrastructure and its components. The testing of new solutions in this unique test environment means that the manufacturer takes on some of the risk (although minimal) previously only experienced by network operators. Testing equipment on this network under different situations gives the client confidence, as well as providing insight into possible areas of improvements normally only seen after some time installed in the field. 
TEST CASE
Having already gone through its standard test procedures [4] , here we present the practical case of testing a new switchgear product in this unique test environment reproducing real network conditions, demonstrating product reliability and making it more attractive to end clients. 
Equipment Under Test (EUT)
The EUT is a newly developed 3-position circuit breaker switchgear incorporating and taking advantage of both vacuum and SF6 technologies. This is achieved by the combination of a vacuum circuit breaker, used for breaking duty only, and a 3-position load-break switch disconnector (with a built-in earthing switch) in SF6 insulating medium, for the making duty. Both devices are operated and mechanically synchronized by a single driving mechanism. So that the circuit breaker has no duty in earthing operations, the built-in earthing switch is placed downstream of the circuit breaker.
Advantages of the equipment include:  Long life expectancy of the circuit breaker contacts and lack of decomposition products because of the vacuum technology.  Fulfilling of short-circuit making tests and minimization of risks associated with chop current, re-ignitions, NSDD´s, restrikes and voltage escalation, owing to the load break switch disconnector.  Unequivocal operation sequence on account of the mechanically synchronized single driving mechanism.
This new switchgear has different options in terms of ratings, reaching a short-circuit current in terms of making and breaking and short-time withstand current up to 25kA at 24kV, Internal Arc Class AFLR up to 25kA-1s and nominal current of 630 A, fulfilling successfully all type tests according to classification E2, C2 and M1.
Taking account into these rating options and outlined advantages, it was decided to create a test program beyond the type tests specified in the standards, grouping different tests.
Test Set-up and Program
The test program was controlled from the local control room of the UDEX allowing close observation of the sample performance, as well as fully monitoring all the relevant parameters of every operation in real time. The EUT consists of four samples. As an initial verification, resistance values were measured and no-load operations of the samples were recorded for the different samples as a base for comparison. Following this, a series of ageing tests were carried out including, thermal cycle tests, combined with mechanical endurance and switching operations.
Sample Initial Verification
As standard testing procedures are normally focussed on evaluation of the equipment with respect to a single feature, the possible combined effects from two (or more) of them is not taken into account. Given that in real life the equipment installed in the network does not normally experience sequenced duties like that in a testing laboratory, a different series of duties was applied in the UDEX network to every sample (See Table 1 -"UDEX Ageing Cycles"):
1. High Current Thermal Cycles: In order to check the ageing related with the overheating and cooling of the samples, and the possible micro-fractures that this phenomenon can produce, a high current source applied 630 A to the samples during 8h in order to overheat them, followed by a period of no current application during, at least, 16h in order to allow the materials to cool down.
Remote and Manual Operations:
In order to check the mechanical endurance of this aged equipment, a different sequence of operations has been applied to each sample. The number of operations a circuit breaker can experience in applications can range from an application where there are very intensive remote and/or manual operations (up to 1000 cycles) to an application where the operation of the breakers is less frequent.
3. Switching Tests: On top of the aforementioned thermal and mechanical ageing, real closing and opening (CO) operations at 24kV where performed using the UDEX network and the connection to the HPL, according to Figure 2 . This configuration was selected in order to produce required network conditions. The switchgear was located in the test-bay area of the UDEX.
After ageing, and in conjunction with the HPL, the performance under short circuit and fault switching conditions was proven, and an exhaustive condition evaluation was performed, including a repetition of the initial measurements for comparison and dielectric verification tests (Table 1) .
RESULTS
According to the program, the initial measurements were recorded and during the UDEX ageing cycles all the recordings of the switching operations were performed. A deep analysis of every measurement and oscillogram was carried out, in order to determine whether in any of the applied duties an unexpected event occurred. At the end of the UDEX ageing cycles the high power tests were performed including, a short-circuit test of 16 kA and T60 making and breaking duties (see Figure 3 ).
The last part of the program is a high power condition check according to IEC 62271-100 performed to evaluate the switching performance after the ageing and the high power test duties.
Following this program, resistance measurements were repeated, to compare with those recorded prior to the test sequence (see Table 2 ). Table 2 Resistance measurements taken before and after the test program.
Resistance Measurements
The results of the contact resistance measurements recorded after completion of all the test program indicate that the interrupters are capable of carrying rated normal current without exceeding the prescribed temperature-rise limits.
The no-load operations of the samples were performed by means of a travel recorder fitted to the circuit-breaker arranged so as to record the (true) movement of the mobile contact in relation to the fixed contact. A comparison is made between the contact travel characteristic during the closing and opening operations, before and after the test program (see Figure 4) .
Finally, and in order to check state of the main insulation after the test sequence a one-minute power frequency voltage at a value of 80% of the rated withstand voltage was used, as normally applied for type testing according to the standards.
CONCLUSIONS
Final assessment of the state of the equipment after these test procedures have successfully demonstrated the reliability of the new switchgear under conditions beyond that of a traditional laboratory environment. The advantages of testing in a real network environment beyond that of testing according to standards is attractive to network operators and this type of experimentation network can be a step between standard laboratory testing and field installation.
